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(57) Abstract 



A photolithographically patterned spring contact (15) is formed on a substrate (14) and electrically connects pads (3) on two devices. 
Hie spring contact (15) also compensates for thermal and mechanical variations and other environmental factors. An inherent stress gradient 
in the spring contact causes a free portion (11) of the spring contact to bend up and away from the substrate. An anchor portion (12) 
remains fixed to the substrate (14) and is electrically connected to a first contact pad (3) on the substrate (14). The spring contact (15) is 
made of an elastic material and the free portion (1 1) compliantly contacts a second contact pad (3), thereby electrically interconnecting the 
two contact pads. 
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PHOTOLITHOGRAPHICALLY PATTERNED SPRING CONTACT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to photolithographically- 
5 patterned spring contacts for use in electrically bonding integrated circuits, 
circuit boards, electrode arrays, or other devices. 

2. Description of Related Art 

Standard bonding techniques for electrically connecting 
integrated circuits, or chips, to a circuit board or other device include wire 

10 bonding, tab bonding, solder-bump and gold-bump flip-chip bonding and 
other techniques. Figure 1 shows a contact pad 3 formed on a chip 2 wire 
bonded to a corresponding contact pad 3 formed on a substrate 1. The 
contact pads 3 are electrically connected, or bonded, by a wire 4. Since the 
chip 2 typically has tens or even hundreds of the contact pads 3, wire 

1 5 bonding each contact pad 3 on the chip 2 to the corresponding contact pad 
3 on the substrate 1 is labor intensive, expensive and slow. Further, the 
contact pads 3 must be large enough to accommodate both the wire 4 and 
the accuracy of the wire bonding device used to create the wire bond. 
Therefore, the contact pads 3 are made larger than otherwise necessary to 

20 compensate for the size limitations of the wire 4 and the wire bonding 
device. 

Figure 2 shows the contact pad 3 formed on the chip 2 tab 
bonded to the corresponding contact pad 3 on the substrate 1. A flexible 
substrate 5 having conductive lines formed on its lower surface is forced 

25 against the contact pads 3. A layer of anisotropic adhesive (not shown) is 
placed between the contact pads 3 and the flexible substrate 5. When the 
flexible substrate 5 is pressed against the contact pads 3, the anisotropic 
adhesive and the conductive lines formed on the flexible substrate 5 
cooperate to complete the electrical connection between the contact pads 

30 3. Like wire bonding, tab bonding suffers from yield loss, bond fragility, 
and high cost. 

Another conventional method for bonding the contact pads 3 
formed on the chip 2 to the contact pads 3 formed on the substrate 1 or to 
some other device is solder-bump flip-chip bonding. Figure 3 shows the 
35 chip 2 inverted with the contact pads 3 facing toward the substrate 1 . The 
name "flip-chip" derives from the inversion of the chip 2, since the chip 2 is 
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■flipped over" with the contacts pads 3 facing the substrate 1, in contrast 
to both tab bonding and wire bonding where the contact pads 3 on the 
chip 2 face away from the substrate 1. Note, however, that tab bonding 

5 can also be done with the chip 2 -flipped over". In standard flip-chip 
bond.ng, solder bumps 6 are formed on the contact pads 3 on the substrate 
1 or on the chip 2. The electrical connection between the corresponding 
contact pads 3 is completed by pressing the contact pads 3 on the chip 2 
against the solder bumps 6 and melting the solder bumps 6. 

10 Flip-chip bonding is an improvement over both wire bonding 

and tab bonding. The relatively soft solder bumps 6 tend to permanently 
deform when the chip 2 is pressed down against the solder bumps 6 This 
deformation of the solder bumps 6 compensates for some irregularity in 
the he.ghts of the contact pads 3 and any uneven contacting pressure 
forcing the chip 2 against the solder bumps 6. 

However, flip-chip bonding does suffer from both mechanical 
and thermal variations in the solder bumps 6. If the solder bumps 6 are not 
uniform in height or if the substrate 1 is warped, contact between the 
contact pads 3 and the solder bumps 6 can be broken. Also, if the 

2Q contacting pressure forcing the chip 2 down on the solder bumps 6 is 
uneven, contact between some contact pads 3 and corresponding solder 
bumps 6 can fail. In addition, stresses from thermal expansion mismatches 
between the chip 2 and the substrate 1 can break the bonds formed by the 
solder bumps 6. 

2 5 ,n contras * to the relatively permanent bonds described above 

Figure 4 shows a standard technique for establishing a temporary electrical 
contact between two devices. A probe card 7 having a plurality of probe 
needles 8 contacts the contact pads 3 by physically pressing the probe 
needles 8 against the contact pads 3. The physical contact between the 

3Q probe needles 8 and the contact pads 3 creates an electrical connection 
between the probe needles 8 and the lines 9 formed on the substrate 1 . 

The probe cards 7 are generally used to create only temporary 
contacts between the probe needles 8 and the contact pads 3, so that the 
device 10 can be tested, interrogated or otherwise communicated with 

^ The device 10 can be a matrix of display electrodes which are part of an 
active-matrix liquid crystal display. Testing of the devices 10, such as liquid 
crystal display electrode matrices, is more thoroughly described in a U.S. 
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Patent Application Serial No. 08/473,912 to the same inventor, co-filed and 
co-pending herewith and herein disclosed by reference. 

The probe cards 7 have many more applications than only for 
testing liquid crystal displays. Any device 10 having numerous and 

5 relatively small contact pads 3, simitar to those found on the chip 2, can be 
tested using the probe card 7. However, standard techniques for 
producing the probe card 7 are time consuming and labor-intensive. Each 
probe card 7 must be custom-made for the particular device 10 to be 
tested. Typically, the probe needles 8 are manually formed on the probe 

10 card 7. Because the probe cards 7 are custom-made and relatively 
expensive, the probe cards 7 are not typically made to contact all of the 
contact pads 3 on the device 10 at one time. Therefore, only portions of 
the device 10 can be communicated with, tested or interrogated at any one 
time, requiring the probe card 7 be moved to allow communication, 

1 5 testing or interrogation of the entire device 10. 

The probe cards 7 are also used to test the chips 2 while the chips 
2 are still part of a single-crystal silicon wafer. One such probe card 7 is 
formed by photolithographic pattern plated processing, as disclosed in 
Probing at Die Level , Corwith, Advanced Packaging, February, 1995, pp. 26- 

20 28. Photolithographic pattern plated processing produces probe cards 7 
which have essentially the same design as the standard probe card 7. 
However, this new type of processing appears to automate the method for 
producing probe needles 8, thus avoiding manually forming the probe 
needles 8. Also, this article discloses a probe card 7 which is bent at the end 

25 nearest the probe needles 8, as shown in Figure 5. The bend in the probe 
card 7 allows the probe needles 8 to contact the contact pad 3 at an angle. 
As the probe card 7 pushes the probe needles 8 into the contact pads 3, a 
mechanical scrubbing action occurs which allows the probe needles 8 to 
break through the oxide formed on the top surface of the contact pad 3. 

30 AH of the standard probe cards 7, however, are limited to testing contact 
pads 3 which are arranged in a linear array. 

SUMMARY OF THE INVENTION 
Accordingly, this invention provides a spring contact which 
exhibits the speed and ease of solder-bump flip-chip bonding while 

35 eliminating the need to create uniform solder bumps or uniform 
contacting pressure. Also, the invention provides finer-pitch contact arrays 
than solder-bump flip-chip bonding. 



WO 96/41506 



-4- 



PCT/US96/08018 



nrft . This j" ve ^on further provides a spring contact which has elastic 

contra; 0 ; n9 ^ C ° ntaCt t0 maintain ^ ^ct wrth a 
contact pad desp,te variations in contact pad heights, contacting pressure 
thermal var.ations or mechanical shock. pressure, 

This invention also provides an elastic spring contact having a 

contact to bend away from the substrate and thus provide compliant 
contact with a contact pad. viae compliant 

10 nr0 H„>- "IT inV6 u ti0n fUrth6r Pr ° VideS 3 PFObe and a ^thod for 

probe rard havin9 sprin9 coritacts in pia - " ~ 

The spring contacts of this invention are formed of a thin metal 

oZ h' S T\ fiXed t0 9 SUbStrate 9nd Really connected to a 
cornet pad on the substrate. The free portion of the metal strip not fixed 

oad cn H UP and ^ f r °^ the SUbstrate - Wh - conta« 

pad on a dev.ee ,s brought into pressing contact with the free portion of 

the meta, strip, the free portion deforms and provides compliant contact 

with the contact pad. Since the metal strip is electrically conductive or 

» ST a cond f ve materla1 ' the contart pad on the i 

cola t0 C ° ntaCt ^ ° n tHe deVke Via the 

BRIEF DESCRIPTION OFTHF HRAwim^c 
This invention will be described in relation to the following 
^ drawings, in which reference numerals refer to like elements and wherein 
Fig. 1 shows a chip wire bonded to a substrate; 
Fig. 2 shows the chip tab bonded to the substrate; 

substrate- 3 ^ S ° lder - bump fl] P- ch| P bonded to the 

3Q Fig. 4 shows a probe card contacting an electronic device- 

Fig. 5 shows a probe card having an angled probe needle; 
Fig. 6 is a spring contact in an undeformed free state and 
anotherspnng contact deformed when contacting a contact pad; 
Fig. 7 shows a metal strip with no stress gradient; 
35 Fig. 8 shows a model for determining the curvature of a spring 

contact due to the stress gradient; 

Fig. 9 shows a model for determining the amount of reaction 
force exerted at the tip of the spring contact; 
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Fig. 10 shows the first steps in a method of forming a spring 
contact according to the invention; 

Fig. 1 1 shows additional steps following those shown in Fig. 10 in 
a method of forming a spring contact according to the invention; 

Fig. 12 shows additional steps following those shown in Fig. 1 1 in 
a method of forming a spring contact according to the invention; 

Fig. 13 shows a final step in one of the methods of forming a 
spring contact according to the invention; 

Fig. 14 is a graphic representation of the film stress in a sputter 
deposited nickel-zirconium alloy as a function of plasma gas pressure; 

Fig. 1 5 is a top view of a spring contact; 

Fig. 16 is a device for testing the contact resistance of a plurality 
of spring contact pairs; 

Fig. 17 is a graphical representation of the detected resistance of 
a plurality of spring contact pairs; 

Fig. 18 is a graphic representation of the contact resistance of a 
spring contact as a function of the distance between the contact pad and 
the substrate; 

Fig. 19 is a spring contact having a flat end; 

Fig. 20 is a spring contact having a pointed end; 

Fig. 21 is a spring contact having two points at the tip end; 

Fig. 22 is a spring contact having multiple points at the tip end; 

Fig. 23 is a spring contact having a deformable tab at the tip 

end; 

Fig. 24 shows a spring contact having a deformed tab end when 
forced against a contact pad; 

Fig. 25 is a chip having a plurality of spring contacts electrically 
bonded to a substrate; 

Fig. 26 is a chip bonded to a dust cover and electrically contacted 
to a substrate having a plurality of spring contacts and a dust cover; 

Fig. 26 is a chip bonded to a dust cover and electrically contacted 
to a substrate having a plurality of spring contacts; 

Fig. 27 is a chip bonded to a substrate and electrically contacted 
to a plurality of spring contacts on the substrate; 

Fig. 28 is a chip electrically bonded to a substrate by way of an 
intermediate wafer having a plurality of spring contacts; 
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15 



20 



25 



30 



35 



Fi 9- 29 ha probe card having a plurality of spring contacts used 
tor testing an electronic device; and 

Fig. 30 is a liquid crystal display and a device for testing the 
operation of the display. 

DETAILED DESCRIPTION OF TUP PREFERRED PMBoniunnt 

Fig. 6 shows a side view of a bonding structure 100 having a 
Plurality of spring contacts 15. Each spring contact 15 comprises a free 
portion 11 and an anchor portion 12 fixed to an insulating underlayer 13 
and electrically connected to a contact pad 3. Each spring contact 15 is 
made o an extremely elastic material, such as a chrome-molybdenum alloy 
or a nickel-zirconium alloy. Preferably, the spring contacts 15 are formed 
of an elastic conductive material, although they can be formed of a non- 
conductive or semi-conductive material if they are coated or plated with a 
conductor material. More preferably, the spring contacts 15 are formed of 
a n.ckel-zirconium alloy having 1% zirconium. Zirconium is added to the 
nickel to improve the elastic properties of the alloy while not greatly 
reducing the conductivity of the nickel. When the elastic material is not 
conductive, it is coated on at least one side with a conductive material, 
such as a metal or metal alloy. 

The contact pad 3 is the terminal end of a communication line 
which electrically communicates with an electronic device formed on the 
substrate 14 or device 101 such as a transistor, a display electrode, or other 
electrical device. The contact pad 3 is typically made of aluminum, but can 
be made of any conductive material. If the contact pad 3 on device 101 is 
made of aluminum, the contact pad 3 is preferably coated with a 
conductive material, such as gold, indium tin oxide, or nickel. This allows 
the spring contact 15 to make better electrical contact with the contact 
pad 3 since the spring contact 1 5 cannot "scrub" the uncoated contact pad 
3 to break through the aluminum oxide that forms on an uncoated 
aluminum contact pad 3. The insulating underlayer 13 is made of silicon 
nitride or other etchable insulating material. However, the insulating 
under ayer 13 is not necessary and can be eliminated. The insulating 
underlayer 13 and the contact pad 3 are formed on or over a substrate 14 
wh,ch ,s also formed of an insulating material, such as oxidized silicon or 
glass. 

As shown in Fig. 7, a strip of metal having no stress gradient 
inherent in the metal will lie flat. However, as shown in Fig. 8, when the 
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strip is bent into an arc, a uniform stress gradient Ao/h is introduced into 
the strip. Likewise, if a uniform stress gradient Ao/h is introduced into the 
flat metal strip, the metal strip will bend into an arc shape. 

Each spring contact 15 is formed such that a stress gradient Ao/h 
is introduced into the spring contact 15. When the spring contact 15 is 
formed, the metal layer comprising the spring contact 15 is deposited such 
that compressive stress is present in upper portions of the metal layer and 
tensile stress is present in lower portions of the metal layer. Compressive 
stress in upper portions of the metal layer is depicted by arrows directed 
inwardly. Tensile stress is depicted in lower portions of the metal layer by 
arrows directed outwardly. The stress gradient Ao/h causes the spring 
contact 15 to bend into the shape of an arc having a radius r. Equation 1 
gives the radius of curvature r of the spring contact 1 5: 



where Y is the Young's modulus of the metal, h is the thickness of the 
metal layer forming the spring contact 15, Ao is the total stress difference, 

20 and v is the Poisson's ratio of the metal. 

Referring again to Fig. 6, r is the radius of curvature of the free 
portion 11 of the spring contact 15 as predicted in Equation 1, and 0 is the 
angle separating the radius line directed toward the junction of the free 
portion 11 with the anchor portion 12 and the radius line directed toward 

25 the tip 30 of the free portion 1 1 . Equation 2 gives the approximate height 
b of the spring contact tip 30 from the substrate 14 for angles 0 < 50°: 



of the free portion 11. 

Since each spring contact 15 is preferably made of a highly 
elastic material, each spring contact 15 can be pushed down at the tip 30 
and deformed as shown in Fig. 6, but will not plastically deform. Typically, 
a contact pad 3 of a device 101 exerts the downward force placed on the 
tip 30 and electrically contacts the tip 30. The spring contact 15 resists the 



15 




(1) 




30 



where L is the length of the free portion 1 1 and r is the radius of curvature 
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downward force placed on the tip 30 and maintains electrical contact with 
the contact pad 3. 

When the force on the tip 30 is released, the spring contact will 
s return to its undeformed state. Thus, the elasticity of the spring contacts 
15 allows the spring contacts 15 to make numerous successive electrical 
connect.ons with different contact pads 3 while maintaining the integrity 
of the electrical connection between the spring contact tip 30 and the 
contact pads 3. 

1 Additionally, the spring contact 1 5 is preferably made of a creep- 

resistant material. Therefore, when the spring contact 15 is elasticaily 
deformed over an extended period by a contact pad 3 pressing down on 
the spring contact tip 30. the spring contact 15 resists the downward force 

and pushes the spring contact tip 30 against the contact pad 3. maintaining 
the electrical connection. 

Fig. 9 shows a model for determining the amount of force F tiD 
applied by the spring contact tip 30 to a contact pad 3 in reaction to the 
force of the contact pad 3 pressing down on the spring contact tip 30 
Equation 3 gives the reaction force F tip of the spring contact tip 30- 



15 



20 



Ftip ~ ~l2T (3) 
where w is the width of the spring contact 15,. h is the thickness of the 
spring contact 15. Ao is the total stress difference and x is the horizontal 

25 d.stance from the spring contact tip 30 to the point where the spring 
contact 1 5 first touches the substrate 1 4. 

For a given width w. thickness h and stress difference Ao the 
reaction force F tip of the tip 30 varies inversely with the distance x 
Therefore, the reaction force F tip increases as the spring contact tip 30 gets 

30 closer to the substrate 14. since the distance x decreases as the spring 
contact 1 5 collapses and presses against the substrate 14 as shown in Fig 6 
The increase in the reaction force F tip as the contact pad 3 presses the 
spring contact tip 30 closer to the substrate 14 generally improves the 
electrical connection between the spring contact tip 30 and the contact 

35 pad 3. The increasing reaction force F tip causes the spring contact tip 30 
and/or the contact pad 3 to deform locally at the area of contact 
increasing the area of contact between the contact pad 3 and the sprina 
contact tip 30. H H 
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Figs. 10-13 show the basic steps in forming a spring contact 15. 
In Fig. 10, a contact pad 3 is formed on or over a substrate 14. Additionally, 
an insulating underlayer 13 is formed on or over the substrate 14. 
However, as mentioned above, the insulating underlayer 13 is not required 
and can be eliminated. 

In Fig. 11, a layer of metal 16 is deposited on or over the 
substrate 14. In the preferred embodiment of the invention, the metal is 
the nickel-zirconium alloy described above. Part of the metal layer 16 is 
electrically connected to or directly contacts the contact pad 3 and another 
portion of the metal layer 16 is deposited on or over the insulating 
underlayer 13. There are many methods available for depositing a metal 
layer 16 on or over the substrate 14, including electron-beam deposition, 
thermal evaporation, chemical vapor deposition, sputter deposition and 
other methods. Preferably, the metal layer 16 is sputter deposited. 
15 When sputter-depositing a metal, a plate of the metal, called the 

target, is placed on a cathode, which is set to a high negative potential and 
immersed in a low-pressure, typically 1 to 100 millitorr, gas. This causes a 
glow-discharge plasma to ignite, from which positive ions are accelerated 
into the negatively charged target. This ion bombardment knocks metal 
20 atoms off the target, and many of these deposit on nearby surfaces, such as 
the substrate 14. 

The metal layer 16 can be thought of as deposited in several sub- 
layers 16-1 to 16-n to a final thickness h of approximately 1 pm. The stress 
gradient Ao/h is introduced into the metal layer 16 by altering the stress 
25 inherent in each of the sub-layers 16-1 to 16-n of the metal layer 16, as 
shown in Fig. 11, each sub-layer 16-x having a different level of inherent 
stress. 

Different stress levels can be introduced into each sub-layer 16-x 
of the deposited metal layer 16 during sputter deposition in a variety of 

30 ways, including adding a reactive gas to the plasma, depositing the metal 
at an angle, and changing the pressure of the plasma gas. Preferably, the 
different levels of stress are introduced into the metal layer 16 by varying 
the pressure of the plasma gas, which is preferably argon. 

Fig. 14 is a graph showing a typical relationship of the film stress 

35 jn the sputter deposited nickel-zirconium alloy and the pressure of the 
plasma gas used in the deposition. For low pressures of the plasma gas, 
approximately 1 mTorr, the film stress in the deposited metal is 
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nil! V ChanSK 10 " ,ensile stress and i"««ses with 

increasing plasma gas pressure. 

5 * e ' erabl ** em «al layer 16 is deposited in five sub-layers 16-1 

to 16-5. The first sub-layer 16-1 is deposited a, a plasma gas pressure of 
mTorr. as indicated by numera. , in Fig. ,4. The firs, sublayer ,6-1 isVhe 
bottom-mos. layer in the metal layer ,6 and has an inherent compressive 
tres. The second sub-layer 16-2 is deposited on top of the ,i« sub Z ' 
'« lave, VI T" ° f approximatel » 6 ">Torr. The second sub- 
to 4 i K? 3 t' ' nherem tanSMe StreSS " indkated * ™™* 2 in 

oL „ * 7" * 16-4 a " d 16 " 5 are tHen 0epOsited — O" «»P 0' *e 
other at the plasma gas pressures indicated by numerals 3, 4 and 5 in Fig 

15 laye* 16 Ito uTT" ° ,dep o s j* ina the metal la y er ,6 in five separate sub- 

AoTJk K meta ' ' ayer 16 havi "9 a "'ess Sradien. 

Ao/h which ,s compressive in the tower portion of the metal layer ,6 and 

2 IT™ 9 ' y ,enSi ' e ,OWard ,He top of *• nretal layer ,6 
A hough the stress gradient Ao/h urges the metal layer 16t„ bendLoan 

20 L m layW 16 adneres to the insulating underlayer 13 the 
substrate 14 and the contact pad 3 and thus lies flat 

Af t« *e metal layer 16 is deposited, the metal layer 16 is 
Photo lithographically patterned into the spring contacts 1 

u«d VST? T""" 9 i$ 3 We "- kn<Wn ,e *" ,tIua and is '°"«nely 

» r^ ITJZT, t * iP indUS,ry - 3 PMi,ive Pnotosensitive 
resist 7 ,s spun on top of the metal layer 16 and soft-baked at 90-C to drive 

off solvents ,n the resist 17. The photosensitive resist 17 is exposed to an 

appropriate pattern of ultra-violet light and then developed. Exposed 

° H '^k I' " rem ° VKl dUrin9 ***** and —in g 

» Zovl ,H? a ^ ^ We ' " P ' aSma e,chin « is used to 

remove the exposed areas of the metal layer 16. The remaining areas of 

the metal layer 16 after etching form the spring contacts 15. Atop-view of 

one spring contact 15 is shown in Fig. ,5. The area of the metal layer 16 

removed by the etching isdescribed by the dashed line 18 

35 contert .J"""- " ShP T Fi9 - 12 ' ,he <ree ponim 1 1 of th * ^ing 
contact 15 is released from the insulating underlayer 13 by a procis of 

under-cut etching. Until the free portion 1 1 is released from the insulating 

underlayer 13. the free portion 1 1 adheres to the insulating underlayer 13 
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15 



and the spring contact 15 lies flat on the substrate 14. There are two 
methods for releasing the spring contacts 15 from the substrate 14 or 
insulating underlayer 13. In the first method, the insulating underlayer 13 f 
typically silicon nitride, is deposited by plasma chemical vapor deposition 
(PECVD) at a temperature of 200-250°C. This gives the insulating 
underlayer 13 a fast etch rate. The insulating underlayer 13 is then pre- 
patterned, before the metal layer 16 is deposited, into islands on which the 
spring contacts 15 will be formed. After the spring contacts 15 are formed 
on or over the islands of the insulating underlayer 13, the spring contacts 
15 are released from the insulating underlayer 13 islands by etching the 
islands with a selective etchant. The selective etchant is typically a HF 
solution. The etchant is called a selective etchant because it etches the 
insulating underlayer 13 faster than the selective etchant removes metal 
from the spring contacts 15. This means that the spring contacts 15 are 
released from the insulating underlayer 13 and are allowed to bend up and 
away from the insulating underlayer 13 due to the stress gradient Ao/h in 
the spring contacts 15. The islands can also be formed of a low melting 
temperature material, such as solder or plastic. After the spring contacts 
15 are formed, the low melting temperature material is heated to release 
20 the spring contacts 1 5. 

In the second method for releasing the spring contacts 15, the 
insulating underlayer 13, if used, is not pre-patterned into islands. Instead, 
after the spring contacts 15 are formed, a passivating layer, such as silicon 
oxynitride, is deposited on the spring contacts 15 and the surrounding 

25 

areas by PECVD. The passivation layer is patterned into windows, such as 
the shaded area shown in Fig. 15, to expose the free portion 11 of the 
spring contacts 15 and surrounding areas of the insulating underlayer 13. 
The same selective etchant, the HF solution, is used to etch the insulating 
underlayer 13 and release the spring contacts 15. This method avoids a 

30 step discontinuity in the metal of the spring contact 15 at the anchor 
portion 12 edge and leaves an insulating cover on the anchor portion 12. 
The insulating cover protects the anchor portion 12 from short-circuiting 
and also helps hold the anchor portion 12 down on the substrate 14. 

Only those areas of the insulating underlayer 13 under the free 

35 portion 11 of the spring contact 15 are under-cut etched. The area of 
insulating underlayer 13 under-cut etched for each spring contact 15 is 
described by the shaded portion in Fig. 15. This means that the anchor 



WO 96/41506 



-12- 



PCT/US96/080I8 



portion 12 of the spring contact 15 remains fixed to the insulation 
underlay 13 and does not pul. awayfrom the insulating undertaker 13 H 

nt het aPPredated thaUhe me,h ° d ,OT -«al ay r16 

mto the sprmg contact 15 should not result in any annealing of the meta. 

Additional steps can be added to the under-cut etchino 
processes to improve the processes if necessary. For example, etchan. vias 

zzi tt t: * etched in, ° ,he ,ree por,ions 11 «* *• 

0 a*™ r V ' aS ° Pera,e 40 PTOVide ** ~ 

1ft L, ^ . mS " 9 Underlayer thereb " s " eedi "9 *e P^ess 
of releasmg the free portions 11 from the insulating underlayer 13 Also a 
hard mask, made of. for example, silicon, can be applied to the top surfac 

mate Jf'" 9 T" " '° ** ** e,Chant doas "»« ^rnove 

matenal from the top surface of the spring contact 15 in case the 

photosens,„ve material 17 protecting the top of the spring contacts 15 fails 
dunng patterning of the spring contact 15. aoststaus 

13 ,K „° n " ,h j efreep0rti0n11isfreedfr <'n' insulating underlayer 
13. the stre* grad,ent Ao/h causes the free portion 11 to bend up and 
awayfrom the substrate ,4. The stress gradient Ao,h is pa inherent the 

su^T Ur96S anChW ^ " t0 PU " f ™ 

fro m ,h TPdeCreaSe ,he chan « of *• «*or portion 12 pulling away 
from the substrate 14. the spring contact 15 can be annealed ,„ relieve the 

frlTrL T.t" P ° rti0n ThiS anneali " 9 prore " d °« "°« ^ect the 
free porbon 1 1 because, once the free portion 1 1 is released and allowed 

»„„ 1 "V" StreK remainS ° n ,ree portion 11 «» »e relieved by 

subTj^ia ? *T P ° rti0n ' 1 remaim CUJVed and *»°y '"m »e 
substrate 14 after annealing. 

/ in f y ' F ' 9 ' 13 $hOWS 3 ' ayer ° f 9 ° ld 19 P |ated over ^e outer 
urface of each sprmg contact 1 5. The layer of gold 1 9 is preferably used to 

reduce the res.stance in the spring contacts 15, but can be replaced with 
any other conductive material. Preferably, the gold layer 19 is plated on 
the spring contacts 15 using an electrons plating process. 

- Since the process for forming the spring contacts 15 is limited 
only by the design rules of photolithographic patterning, many hundreds 
or th OU s ands of spring contacts 15 can be formed closely together in a 
relafvely small area on the substrate 14. The typical width w of the spring 
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contact 15 is 10-100 pm. Therefore, the spring contacts 15 can be formed 
close together, at a spacing of approximately 10-20 pm. This makes the 
center-to-center distance between adjacent spring contacts 15 
approximately 20-120 pm, which is within or less than the typical center-to- 

5 center distance between adjacent contact pads 3 on a standard 
semiconductor chip 2. 

To test the effectiveness of the spring contacts 15 in applications 
similar to those found in solder-bump flip-chip bonding, a test array of the 
spring contacts 15 at a center-to-center spacing of 80 pm was developed as 

10 shown in Fig. 16. Four sets of arrays 20 of the spring contacts 15 were 
formed on a bottom substrate 21. Four corresponding arrays of linked 
contact pads 22 were formed on an upper substrate 23. The upper 
substrate 23 and the lower substrate 21 were brought together such that 
the spring contacts 15 contacted a corresponding contact pad 3. The 

1 5 resistance R was then measured across pairs of the spring contact 1 5 leads. 

Fig. 17 graphically depicts the measured resistance R for each 
spring contact pair in the test apparatus. The measured resistance R within 
each array generally trends upward from left to right because of the 
increased conductor length of the spring contacts 15 positioned to the 

20 right compared to the spring contacts 15 positioned to the left in each 
array. Most of the approximately 25-30 ohms of resistance measured for 
each spring contact 15 pair is due to the length and geometry of the 
conductors extending between the spring contacts 15 and the resistance R 
probing points. 

25 Fig. 18 shows the total resistance of the connection between a 

spring contact 15 and corresponding contact pad 3 with most of the 
resistance R shown in Fig. 17 removed by using a 4-point probing 
geometry. As shown in Fig. 18, approximately 1.3 ohms of resistance is due 
to the conductors leading to the contact pad 3 and the spring contact 15. 

30 Approximately 0.2 ohms of resistance is due to the shape of the spring 
contact tip 30. The remaining resistance, approximately 0.1 ohms for 
b<80 pm, is the resistance at the interface between the contact pad 3 and 
the spring contact tip 30. 

In general, the resistance at the interface between the contact 

35 pad 3 and the spring contact tip 30 decreases as the height b decreases. As 
mentioned above, the reaction force F t j p that the spring contact tip 30 
exerts against the contact pad 3 increases as the contact pad 3 pushes the 
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spring contact tip 30 closer to the substrate 14. The increased reaction 
force F t |p causes the spring contact tip 30 to locally deform at the contact 
pad 3, thereby increasing the contact area and decreasing the resistance at 
the interface. 

The shape of the spring contact tip 30 can take different forms 
depending on the application. Since the spring contacts 15 are 
photolithographically patterned, the spring contact tips 30 are easily 
formed in a variety of shapes. Fig. 19 shows a spring contact tip 30 having 
a flat end. The spring contact tip 30 shown in Fig. 20 has a pointed end 
which concentrates the force F tip exerted by the spring contact 15 at a 
single point on the contact pad 3. This pointed shape aids the spring 
contact tip 30 when breaking through some oxides which may be present 
on the contact pads 3. Figs. 21 and 22 show spring contact tips 30 having 
multtple points for applications where contact redundancy is required Fig 
23 shows a spring contact tip 30 having a deformable tab. The def ormable 
tab increases the contact area with the contact pad 3, by deforming as 
shown m Fig. 24 when the spring contact 15 forces the tip 30 against the 
contact pad 3. 

Other methods are used to lower the contact resistance between 
the spring contact tip 30 and the contact pad 3. The spring contact tips 30 
can be ultrasonically scrubbed into the contact pads 3 to increase the area 
of contact. Also, the spring contact tips 30 and the contact pads 3 can be 
coated with solder which is melted after the tips 30 and the contact pads 3 
are brought into contact. Melting the solder bonds the spring contacts 15 
to the contact pads 3. 

As mentioned above, since the production of the spring contacts 
15 is limited only by the design rules of photolithographic patterning, the 
spring contacts 15 can be used to interconnect numerous different types of 
devices. For example, Fig. 25 shows one preferred embodiment of the 
invention. The spring contacts 15 are formed on the lower surface of the 
chip 2. The spring contacts 15 contact corresponding contact pads 3 on the 
substrate 14. The adhesive 24 holds the chip 2 stationary with respect to 
substrate 14. Fig. 26 shows the substrate 14 having a plurality of spring 
contacts 15 formed on the top surface of the substrate 14. The contact 
pads 3 formed on the lower surface of the chip 2 are electrically connected 
to corresponding spring contacts 15 on the substrate 14. An adhesive 24 
holds the chip 2 stationary relative to a dust cover, or can, 25 covering the 
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chip 2 and hermetically seals the dust cover 25 to the substrate 14. The 
dust cover 25 assures that moisture and other foreign substances do not 
corrode the spring contacts 15 or the contact pads 3, or otherwise interfere 
with the electrical connections between the individual spring contacts 15 
and the corresponding contact pads 3. Optional cooling fins 50 and the 
dust cover 25 provide a heat sink to cool the chip 2. Fig. 27 shows an 
alternate form of the embodiment shown in Fig. 26. The adhesive 24 holds 
the chip 2 stationary to the substrate 14. No heat sink is provided by the 
dust cover 25. 

Fig. 28 shows an alternate embodiment of a connecting device 
for electrically connecting two devices. A wafer 26 is shown having a 
plurality of spring contacts 15 formed on opposite sides of the wafer. Pairs 
of the spring contacts 15 on opposite sides of the wafer 26 communicate 
with each other by way of vias etched in the wafer 26 and electrically 
15 connect the contact pads 3 on both the chip 2 and the substrate 14. This 
embodiment of the invention allows processing of the chip 2 and the 
substrate 14 without risking damage to the spring contacts 15. The wafer 
26 is used to interconnect the chip 2 and the substrate 14 only after all 
processing is completed on the chip 2 and the substrate 14. 

The spring contacts 1 5 are not limited to interconnecting a chip 2 
to a substrate 14 or circuit board. The spring contacts 15 are used equally 
well to interconnect two chips 2, two circuit boards, or other electronic 
devices to each other. Two exemplary applications are mounting driver 
chips to visual displays and assembling multi-chip modules (MCM's) for 
computers. Another alternative use for the spring contacts 15 is in probe 
cards. As discussed above, probe cards 7 are used to temporarily connect 
two devices, typically when one of the devices is tested. Such testing is 
common in the semiconductor industry, where the probe cards 7 are used 
to test semiconductor chips while the chips are still part of a single-crystal 
30 silicon wafer. 

Fig. 29 shows an embodiment of the invention where the probe 
card 27 has an array of spring contacts 15 used in place of the standard 
probe needles 8. The probe card 27 operates identically to the standard 
probe card 7 except for having spring contacts 15. The probe card 27 is 
aligned with the device 10 such that the spring contacts 15 compliantly 
contact the corresponding contact pads 3 on the device 10. The device 10 is 
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then tested or communicated with by a testing device electrically 
connected to the probe card 27. 

u.*l 6XamP,e t6Stin9 d6Vke iS Sh0wn 5n R 9- 30 w Wch is more 
thoroughly described in the application JAO 34053 filed concurrently 
herewith. A display pattern generator 40 communicates with driver chips 
42 mounted on the two full-width probe cards 27. The probe cards 27 have 
the spring contacts 1 5 which contact associated addressing lines 43 formed 
on the d,splay plate 44. The addressing lines 43 communicate with display 
electrodes (not shown). Therefore, the display pattern generator 40 can 
dnve the display electrodes to produce a matrix of electric potentials 
corresponding to a test image. Sensors (not shown) on the sensor plate 45 
detect the matrix of electric potentials on the display electrodes and 
generate signals each corresponding to the electric potential. The signals 
are read out by scanner chips 46 mounted on the sensor plate 45 The test 
signal analyzer 41 receives the signals from the scanner chips 46 and forms 
a sensed image corresponding to the signals. The test signal analyzer 41 
then compares the sensed image with the test image output by the display 
pattern generator 40 to determine if the display plate 44 and display 
electrodes are working properly. 

Since producing a standard probe card 7 having probe needles 8 
is labor intensive and time-consuming, standard probe cards 7 are not 
generally made to contact all of the addressing lines 43 on the display plate 
44. Therefore, testing of the display plate 44 must be done in sections since 
the probe cards 7 cannot accommodate the full width of the addressing 
lines 43. In contrast, the probe card 27 made with spring contacts 1 5 can be 
made easily and inexpensively. Also, the probe cards 27 having the spring 
contacts 1 5 can be made to any width and therefore can test all of the data 
or address lines of an apparatus, such as the display shown in Fig. 30. at one 
timi* 



In another example, wafer-scale testing and burning-in of chips 
2 can be performed by a single probe card 27 contacting all contact pads 3 
of all chips 2 while the chips 2 are still part of a single semiconductor wafer 
The probe card 27 can be a silicon wafer containing microcircuitry to 
distribute test signals to and from each chip 2 on the wafer under test The 
test signals can be distributed either all at once or sequentially to the chips 
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While the invention has been described with reference to 
specific embodiments, the description of the specific embodiments is 
illustrative only and is not to be construed as limiting the scope of the 
invention. Various other modifications and changes may occur to those 
skilled in the art without departing from the spirit and scope of the 
invention as set forth in the following claims. 
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WHAT IS CLAjMEDJS : 

I. Aspring contact, comprising: 
a substrate; and 

an elastic member comprised of a plurality of layers each 
having an amount of internal stress resulting in an inherent stress gradient 
and, further, comprising an anchor portion and a free portion the anchor 
portion being fixed to the substrate; 

wherein the inherent stress gradient biases the free portion 
away from the substrate. p 

a 4 Jh , e SPrin9 C ° maCt ° f daim 1 ' where,n the elastic member is 
formed of an electrically conductive material. 

.tart SPrin9 C ° ntaCt ° f C ' aim 1 ' further uprising an 

electrical y conductive layer formed on at least a portion of an outer 

surface of the elastic member. 

a H,nt w ♦ f Prin9 C ° ntaCt ° f daim 1 ' Wherein the anch °r Portion is 
adapted to be electrically connected to a first contact formed over the 

^! and f 6 free p0rtion is ada ^ed to compliantly contact a second 
contact formed over a second substrate. 

20 ^ S '. The Spring contact of claim 4 ' wherein a free end of the free 
^ ,S t C h 0ated / lth a materia < ^fter than a materia, forming the elastic 

theTe^d" 6 : materia * imPr ° Vin9 C ° ntart ° f ^ — 

portion'isf.at The ^ ^ * ^ ' *" end ° f the f ' ee 

... 7 ; The sprin 9 contact °^ claim 1, wherein a free end of the free 
portion has at least one pointed portion. 

8. A probe card for probing a device, comprising: 
a substrate; 

30 and a P ,ura,it V of conductive signal lines formed on the substrate; 

a plurality of spring contacts, each of the plurality of spring 
contacts comprising: S M"»9 

an elastic member comprised of a plurality of layers each 

35 27? T m ° Wt ° f lntemal StreSS reSU,tlng in an inherent ^ress gradient 
and, further comprising an anchor portion and a free portion, the anchor 
po rt ,on f 1X ed to the substrate and electrically contacting a corresponding 
one of the plurality of conductive signal lines; 
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wherein the plurality of spring contacts are arranged in a 
pattern matching an array of contact pads on the device to be probed, the 
inherent stress gradient biasing the free portion of each of the plurality of 
spring contacts away from the substrate. 
5 9. The probe card of claim 8, wherein each elastic member is 

formed of an electrically conductive material. 

10. The probe card of claim 8, wherein an electrically conductive 
layer is formed on at least a portion of an outer surface of each elastic 
member. 

10 11. The probe card of claim 8, wherein the free portion of each of 

the plurality of spring contacts is adapted to compliantly contact a 
corresponding contact pad of the array of contact pads. 

12. The probe card of claim 1 1, wherein the device to be probed is 
a semiconductor wafer comprising a plurality of chips and the array of 

^ 5 contact pads, each of the plurality of chips undergoing one of wafer-scale 
testing and burning-in. 

13. The probe card of claim 11, wherein a free end of the free 
portion of each of the plurality of spring contacts is coated with a material 
softer than a material forming each of the plurality of spring contacts, the 

20 softer material improving contact between the free end of each of the 
plurality of spring contacts and the corresponding contact pads. 

14. The probe card of claim 8, wherein a free end of the free 
portion of each elastic member is flat. 

15. The probe card of claim 8, wherein a free end of the free 
25 portion of each elastic member has a least one pointed portion. 

16. The probe card of claim 8, wherein: 

the device to be probed is a visual display matrix, and each 
one of the plurality of spring contacts contacts a corresponding contact 
pad of the array of contact pads, and 
30 selected ones of a plurality of display electrodes of the visual 

display matrix communicating with at least one of the plurality of 
conductive signal lines are activated. 

17. The probe card of claim 16, wherein the probe card is a full- 
width probe card. 

35 18. A contacting device, comprising: 

a substrate having a top side opposite a bottom side; 
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at least one top spring contact formed on the top side of the 
substrate, the at least one top spring contact arranged to match a 
corresponding at least one contact pad on a first device; and 

at least one bottom spring contact formed on the bottom side 
of the substrate, the at least one bottom spring contact arranged to match 
a corresponding at least one contact pad on a second device, each at least 
one bottom spring contact electrically communicating with a 
corresponding one of the at least one top spring contact; 

wherein each of the at least one top spring contact and the at 
least one bottom spring contact comprises an elastic member comprised of 
a plurality of layers each having an amount of internal stress resulting in an 
inherent stress gradient and comprising further an anchor portion and a 
free portion, the anchor portion fixed to the substrate and the free portion 
biased from the substrate by the inherent stress gradient. 

19. A spring contact, comprising: 
a substrate; and 

an elastic member comprising a material with an internal 
stress gradient formed on the substrate by a deposition process and 
further, comprising an anchor portion and a free portion, the anchor 
portion being fixed to the substrate; 

wherein the inherent stress gradient biases the free portion 
away from the substrate. 

20. The spring contact of claim 19, wherein the elastic member is 
formed of an electrically conductive material. 

21. The spring contact of claim 19. further comprising an 
electrically conductive layer formed on at least a portion of an outer 
surface of the elastic member. 

22. The spring contact of claim 19, wherein the anchor portion is 
adapted to be electrically connected to a first contact formed over the 
substrate and the free portion is adapted to compliantly contact a second 
contact formed over a second substrate. 

23. The spring contact of claim 22, wherein a free end of the free 
portion is coated with a material softer than a material forming the elastic 
member, the softer material improving contact of the free portion with 

33 the second contact. 

24. The spring contact of claim 19, wherein a free end of the free 
portion has at least one pointed portion. 



20 



25 



30 



WO 96/41506 



1/16 



PCT/US96/08018 




WO 96/41506 



PCT/US96/08018 



2/16 




WO 96/41506 



PCT/US96/080I8 




WO 96/41506 



6/16 



PCTAJS96/08018 




WO 96/41506 



7/16 



PCT/US96/08018 




</OD J 1 i i . 

Hn lo rr A r~ 



9/16 




WO 96/41506 



PCT/US96/08018 



10/16 




a 



PCT/US9d/08018 



11/16 



4-point Contact Resistance 
vs Finger Compression 




>, height, urn 



^6/41506 PCT/US96/08018 




WO 96/41506 



PCT/US96/08018 



13/16 



I • . 




WO 96/41506 



PCT/US96/08018 



14/16 




WO 96/41506 



PCT/US96/08018 



.'15/16 




WO 96/41506 



16/16 



PCT/US96/08018 




O 

1L 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCTAJS96/08018 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) : H05K 1/14 

USCL :439/8M24/754; 361/774 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 439/81, 66, 74, 91, 482, 591; 324/754, 762, 770; 361/774, 772, 776; 200/245, 246, 250, 275, 276, 282, 292 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS - search terms; contact, internal stress, layer or laminar, electric?, stress gradient 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



x 

Y 



A 
A 
A 



US 4,423,401 A (Mueller) 27 December 1983, whole 
document 



JP 6,249,880 A (Kobe Steel Ltd.) 09 September 1994 
(09.09.94), abstract and figures 

US 5,280,139 A (Suppelsa, et al.) 18 January 1994 

US 4,320,438 A (Ibrahim, et al.) 16 March 1982 

US 4758927 A (Berg) 19 July 1988 



1-6, 19-23 
7, 24 
8-17 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 


Special categories of cited documents: "p later document published after the international filing date or priority 

*A' A^-.^^A^r.^* tk i «... „f.u _ . u ^ ■ «i , date and not in conflict with the application but citod lo understand the 

£ beTf^lal r^van^e " coopered princip|c or ^ the invention 

"E" earlier document published on or after the intemauonal filing date " X * document of particular relevance: the claimed invention cannot he 

considered novel or cannot be considered to involve an inventive step 
"L" document which may throw doubts on priority clalro(s) or which is wneD document is taken alone 
cited lo establish the puhiication date of another citation or other 

special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 
u document reremng to an oral daclosure. use. exhibition or other combined wiw one or more other such documents. »uch combination 
rocaas being obvious to a person skilled in the an 

•r document published prior to the international filing date Out later than - & - document member of the same patmt famiiv 
the pnonry dale c tanned 


Dale of the actual completion of the mtemational search 
2$ JULY 1996 


Dale of mailing of ihe international search report 

09 AUG7996 


Name and mailir.£ address of the IS A/US 
Commissioner of Patents ar.d Trjiis marks 
Bo x PCT 

Washinfion. D.C. 2()Z3\ 
Facsimile N«». »?Prv 305-3230 


Authorized office^ / /- , j ' 77 ■ 

'* REN EE S. LUESKE' 1 ! 
Telephone No. i'7G3» 305-151 ! j 



r.*rm PCT7!5AC!0 second xheeth'J'iiy WZt* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

M BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



